The aim of this study was to examine the impact of parental type 2 diabetes on the autonomic nervous system and to determine whether autonomic neuropathy is present and associated with changes in 24-h ambulatory blood pressure (AMBP) and urinary albumin excretion rate (UAER) in nondiabetic subjects with parental type 2 diabetes. We examined 223 nondiabetic offspring of type 2 diabetic subjects and a control group of 258 offspring of nondiabetic subjects. The autonomic nervous system was assessed by three cardiovascular reflex tests, 24-h AMBP was measured with an oscillometric recorder (90207; Spacelabs, Redmond, WA), and UAER was determined through three overnight urine samples. The subjects with parental type 2 diabetes had significantly lower heart rate variation in all three bedside tests (P < 0.01) than subjects without parental diabetes. The prevalence of autonomic neuropathy in the nondiabetic offspring with parental type 2 diabetes (6.7%) was significantly (P < 0.01) higher compared with the control group (1.6%). Autonomic neuropathy was associated with a higher fasting insulin level (P < 0.05), higher UAER (P < 0.001), higher 24-h mean AMBP (P < 0.01), and reduced diurnal blood pressure variation (P < 0.001) after adjustment for age, sex, and BMI. In conclusion, parental type 2 diabetes was found to be associated with alterations in the autonomic nervous system in nondiabetic subjects. The presence of autonomic neuropathy in subjects with parental type 2 diabetes was associated with higher UAER, fasting insulin level, and 24-h AMBP and a reduced diurnal blood pressure variation. This study indicates that parental type 2 diabetes has an impact on the cardiac autonomic function in nondiabetic subjects. Diabetes 50:630 -636, 2001
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educed heart rate variation is used as a marker of cardiac autonomic neuropathy (1, 2) . It is known that type 2 diabetic subjects have increased cardiovascular morbidity and mortality that is associated with microalbuminuria (3-6), hypertension (7) (8) (9) , and cardiac autonomic neuropathy detectable by cardiovascular reflex tests (10 -12) . The association among microalbuminuria, cardiac autonomic neuropathy, and diurnal blood pressure profile has been studied in type 2 diabetic subjects in the recent years, and the question of a causative relationship has arisen. Studies in type 2 diabetes have shown that abnormal diurnal variation in blood pressure is associated with microalbuminuria and autonomic neuropathy (13, 14) . Recent studies have shown the urinary albumin excretion rate (UAER) to be related to subclinical autonomic neuropathy in type 2 diabetic subjects (15, 16) , and a study demonstrated that the presence of autonomic neuropathy was associated with hyperinsulinemia and hypertriglyceridemia (17) . Results from the Hoorn Study demonstrated an association between autonomic neuropathy and albuminuria in elderly subjects with impaired glucose tolerance (IGT) or type 2 diabetes (18) .
Type 2 diabetes is a familial disease with a lifetime risk of 40% if one parent has type 2 diabetes (19, 20) . Several studies have shown that nondiabetic family members of type 2 diabetic subjects are characterized by the features of the metabolic syndrome, and longitudinal studies have detected cardiovascular risk factors in subjects who later developed type 2 diabetes (21, 22) . Parasympathetic neuropathy has been observed in subjects with IGT (23) , and the results from a recent study demonstrated altered autonomic response in insulin-resistant offspring of type 2 diabetic subjects (24) . These latter observations are compatible with the hypothesis that autonomic neuropathy may be present in nondiabetic subjects with parental type 2 diabetes.
In this study, the aim was to examine the impact of parental type 2 diabetes on the autonomic nervous system and to determine whether autonomic neuropathy was present and associated with changes in 24-h ambulatory blood pressure (AMBP) and UAER in nondiabetic subjects with parental type 2 diabetes. The study includes data from 223 nondiabetic offspring with parental type 2 diabe-tes and 258 nondiabetic offspring without parental diabetes.
RESEARCH DESIGN AND METHODS

Subjects.
In 1997 and 1998, 308 offspring of known diabetic subjects and 287 offspring of control subjects participated in this study, which is part of the Fredericia Study. In 1981-1982, an epidemiological study of 93% (5,292) of all subjects in the age-group 60 -74 years took place in the municipality of Fredericia, Denmark (25) . From this study, a subgroup of 228 subjects with known diabetes and 223 control subjects underwent a clinical and biochemical examination. The known-diabetes group consisted of 20 type 1 and 208 type 2 diabetic patients diagnosed according to the World Health Organization criteria (26) , and the control group consisted of sex-and age-matched control subjects with no history of diabetes and one fasting whole-blood glucose level Ͻ7 mmol/l.
As part of an interview, the two groups provided information about their children. The known-diabetes and control groups had 1,029 children, and 1,002 of these offspring were localized in 1991-1992 (27) . They were examined for the first time in 1991-1992 and again in 1997-1998 in the present study. This article is based on data from 223 nondiabetic offspring of known diabetic subjects and 258 nondiabetic offspring of control subjects (Fig. 1) . The regional ethics committees approved the study, which was conducted according to the principles of the Helsinki Declaration. Methods. All participants were examined by the same investigator with help from an assistant. Height and weight were measured without the participants wearing shoes, and BMI was calculated as the weight in kilograms divided by height in meters squared. After an overnight fast (10 -12 h), blood samples were obtained for determination of whole-blood glucose, plasma C-peptide, serum insulin, HbA 1c , total serum cholesterol, and serum HDL cholesterol. Blood glucose was measured with a glucose dehydrogenase method (Cobas Mira; Merck, Rahway, NJ); C-peptide was measured with an enzyme-linked immunosorbent assay (ELISA) method (Dako A/S, Santa Barbara, CA); serum insulin was measured with an ELISA method (Dako A/S) that was highly specific for biologically active insulin but did not detect proinsulin or split [31, 32] or des- [32, 33] proinsulin (28) . HbA 1c was measured with a high- 
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performance liquid chromatographic assay. Total cholesterol, HDL cholesterol, and triglycerides were measured with an enzymatic method (717; Hitachi, Nakakuyo, Japan).
Participants were interviewed about medication, general health (hypertension, diabetes, and nephropathy), and smoking habits. Smokers were defined as subjects smoking cigarettes, cigars, or a pipe every day during the last year. Diabetes. Diabetes was diagnosed according to World Health Organization criteria (26) . Subjects with fasting blood glucose Ն4.4 mmol/l were asked to come back for an oral glucose tolerance test. They were classified as having type 2 diabetes according to their fasting C-peptide level (Ͼ0.30 nmol/l) (25, 29) . Information about the time of diagnosis, medication, and levels of C-peptide, fasting serum insulin, and blood glucose was reviewed in subjects with known diabetes. Autonomic neuropathy. The following cardiovascular heart rate reflex tests were performed after at least 5 min of rest: heart rate variation to deep breathing, heart rate response to standing up (30:15 ratio), and heart rate response to the Valsalva maneuver. The tests were performed and evaluated according to the procedure described by Ewing et al. (30) . The heart rate response to the procedures was assessed; low values indicated low heart rate variation. Subjects with more than one borderline test or at least one abnormal test were classified as having autonomic neuropathy. The borderline and abnormal values used are empirically based on data from both diabetic and healthy control subjects (31, 32) . Heart rate variation to deep breathing. In the supine position, the subject was asked to draw six deep breaths over 1 min. The maximum and minimum R-R intervals during each breathing cycle were measured and converted to beats per minute. The mean of the difference in heart rate during three successive breathing cycles was calculated. Valsalva maneuver. The subjects were asked to blow into a mouthpiece connected to a mercury sphygmomanometer and to produce a constant pressure of 40 mmHg for 15 s. The Valsalva ratio is the ratio between the longest R-R interval after relief of pressure and the shortest R-R interval during sustained pressure. The Valsalva ratio is expressed as the mean ratio from three consecutive maneuvers performed with 1 min of rest between each one. Heart rate response to standing up (30:15 ratio). After 5 min of rest in the supine position, the subject was asked to stand up. The 30:15 ratio was calculated as the ratio between the longest R-R interval near the 30th beat and the shortest R-R interval near the 15th beat. Cutoff points for the diagnosis of autonomic neuropathy. For deep breathing, the cutoffs defined by Ewing et al. (30) were normal Ն15, borderline 11-14, and abnormal Յ10. For the Valsalva maneuver, the cutoffs were normal Ն1.21, borderline 1.11-1.20, and abnormal Յ1.10. For the 30:15 ratio, the cutoffs were normal Ն1.04, borderline 1.01-1.03, and abnormal Յ1.00. UAER. The UAER was calculated from analyses of three overnight urine samples collected in 1 week. The urinary albumin concentration was measured by radioimmunoassay (33) , and the UAER was calculated as the geometric mean of three samples. The samples were examined for urinary tract infection, and the subjects with infection collected urine samples again after relevant treatment. Normoalbuminuria was defined as at least two of the three overnight urine collections with UAER Ͻ15 g/min and microalbuminuria as at least two of the three overnight urine collections with UAER Ն15 g/min and Ͻ150 g/min (34). 24-h AMBP. The 24-h AMBP was measured by oscillometric technique, using a portable lightweight noninvasive monitor with a self-inflating cuff (90207; Spacelabs). This system is validated by the British Hypertension Society (35) . Readings were obtained at 20-min intervals throughout a 24-h period with normal daily activities at work and at home. Systolic blood pressure (sBP) and diastolic blood pressure (dBP) were measured. Individual self-reported sleeping time was taken into account when daytime and nighttime values were calculated. The night/day ratio (systolic and diastolic) was defined as the mean value at nighttime divided by mean value during the daytime. Statistical analysis. Statistical analyses were carried out using SPSS version 8.0 (SPSS, Chicago) and Stata version 5.0 (College Station, TX). The difference in frequencies of clinical characteristics between groups was compared with Pearson's 2 test. The mean values (ϮSD) were calculated, and the difference in mean values between the groups was tested by regression analysis. The generalized estimation equation was used to adjust for correlation between siblings. Before analysis, UAER, plasma C-peptide, serum insulin, and serum triglycerides were log-transformed to approximate normal distribution. For these variables, the results are reported as the geometric mean (antilog of arithmetic mean) multiplied and/or divided by the tolerance factor (antilog of SD of log-transformed data), and the difference estimates express the ratio between the geometric mean values in the two groups. The 95% CIs were calculated for the difference estimates, and two-tailed P values Ն0.05 are considered nonsignificant. P values Յ0.2 are reported as exact values.
RESULTS
Diabetic offspring with parental type 2 diabetes compared with diabetic offspring without parental diabetes. There were 30 subjects with type 2 diabetes and 3 subjects with type 1 diabetes in the group of offspring with parental diabetes. In the group of offspring without parental diabetes, there were 17 subjects with type 2 diabetes and 3 subjects with type 1 diabetes. The diabetic subjects were excluded from further analyses (Fig. 1) . Nondiabetic offspring with parental type 2 diabetes versus nondiabetic offspring without parental diabetes. Clinical and laboratory data. There was a significantly lower prevalence ( 2 test, P ϭ 0.04) of men versus women in the group of offspring with parental type 2 diabetes (106 men and 117 women) than in the group of offspring without parental diabetes (147 men and 111 women), so difference estimates and P values were corrected for sex (Table 1 ). There was no significant difference in UAER (P ϭ 0.22), but the offspring with parental type 2 diabetes had higher values of BMI (P Ͻ 0.001), fasting glucose (P Ͻ 0.001), fasting serum insulin (P Ͻ 0.001), C-peptide (P Ͻ 0.001), HbA 1c (P Ͻ 0.05), and triglycerides (P Ͻ 0.01), and they had lower HDL (P Ͻ 0.01). There were no significant differences in the 24-h AMBP level or night/day ratio between the groups (data not shown). Autonomic neuropathy. In the offspring of type 2 diabetic parents, we found the prevalence of autonomic neuropathy to be 6.7% (15 of 223) in contrast to a prevalence of 1.6% (4 of 258) in the offspring of nondiabetic parents (Table 1) . After adjustment for age and sex with multiple regression analysis, the difference in prevalence remained significant (P Ͻ 0.01). There were significant differences in mean values of all three bedside tests (P Ͻ 0.01) after adjustment for age, sex, and correlation between siblings. The data were further adjusted (data not shown) for the following factors: antihypertensive treatment, 24-h mean systolic and diastolic AMBP, angina pectoris or previous myocardial infarction, UAER, BMI, cholesterol, fasting insulin, fasting glucose, HbA 1c , age, sex, and correlation between siblings. After this adjustment, the nondiabetic offspring with parental type 2 diabetes still had lower heart rate variation to deep breathing (P Ͻ 0.05), heart rate response to standing up (P Ͻ 0.001), and heart rate response to Valsalva maneuver (P Ͻ 0.001) than the offspring of nondiabetic parents. Definition of autonomic neuropathy. For the group of subjects with no parental diabetes, the following values represent the 2.5th percentile of the autonomic test results: 14, deep breathing test; 1.18, Valsalva maneuver; and 1.10, heart rate response to standing. These values are similar to the cutoff points for borderline values defined by Ewing et al. (30) . Nondiabetic offspring with parental type 2 diabetes: those with autonomic neuropathy versus those without autonomic neuropathy. There were only four subjects with autonomic neuropathy in the group of offspring without parental type 2 diabetes. We chose to concentrate on the subjects with parental type 2 diabetes in the characterization of subjects with autonomic neuropathy compared with those without autonomic neuropathy.
There was no significant difference between the two groups with regard to age, sex, BMI, fasting glucose, HbA 1c , C-peptide, and lipid profile, but there was a significant difference between values for UAER (P Ͻ 0.001) and fasting insulin concentration (P Ͻ 0.05), even after adjustment for age, BMI, sex, and correlation between siblings ( Table 2 ). The 15 subjects with autonomic neuropathy and parental type 2 diabetes were all normoalbuminuric.
The subjects with autonomic neuropathy had higher 24-h AMBP than subjects without autonomic neuropathy, but the difference was not significant for daytime sBP (P ϭ 0.054) and daytime dBP (P ϭ 0.068) after adjustment for age, sex, BMI, and correlation between siblings ( Table 3) . The night/day ratio was significantly higher for both sBP (P Ͻ 0.01) and dBP (P Ͻ 0.001) in the subjects with autonomic neuropathy compared with the subjects without autonomic neuropathy.
DISCUSSION
We found significantly lower mean values for the three cardiovascular reflex tests in nondiabetic subjects with parental type 2 diabetes compared with those without parental diabetes. The results indicate that heart rate variation is reduced in the nondiabetic subjects with parental type 2 diabetes compared with those without parental diabetes. We found a higher prevalence of cardiac autonomic neuropathy in the nondiabetic subjects with parental type 2 diabetes compared with those without parental diabetes. In the group of nondiabetic subjects with parental type 2 diabetes, we found that those with autonomic neuropathy had higher values for UAER, fasting insulin concentration, and 24-h AMBP, and they had reduced diurnal blood pressure variation.
The association we found among autonomic neuropathy, UAER, and 24-h AMBP levels and variation is compatible with previous findings in type 2 diabetes (13, 14) . Our findings of autonomic neuropathy in nondiabetic subjects with a predisposition to type 2 diabetes are supported by a recent study demonstrating parasympathetic neuropathy in subjects with IGT (23) . Other studies found autonomic neuropathy in newly diagnosed type 2 diabetic subjects (36, 37) . It has generally been accepted that neuropathy is a consequence of long-term hyperglycemia (38, 39) , and studies have shown that dysregulation of diabetes affects the progression of autonomic neuropathy in a negative way (40, 41) . In our study, long-term hyperglycemia is not a plausible cause of autonomic neuropathy. The differences in mean values of the three cardiovascular reflex tests between nondiabetic offspring with parental type 2 diabetes and offspring without parental diabetes remained significant after adjustment for fasting glucose, fasting insulin, and HbA 1c . In addition, only 2 of the 15 subjects with autonomic neuropathy had IGT, and the subjects with autonomic neuropathy did not have elevated fasting glucose levels or HbA 1c fractions compared with the offspring without autonomic neuropathy. If the glucose level played a role in the pathogenesis of autonomic neuropathy in our study, the level influencing the development of neuropathy had to be lower than the cutoff values for IGT or type 2 diabetes.
Our observations indicate that subclinical autonomic neuropathy may develop without the presence of longterm hyperglycemia in family members of type 2 diabetic subjects; thus, it is not simply a complication of the hyperglycemia in these patients. An explanation could be that it is possible to inherit susceptibility genes for autonomic neuropathy, and that these genes could be expressed before-or maybe even without-the subjects developing diabetes. Different factors (including hyperglycemia) could subsequently affect the expression of the genes and influence the progression of neuropathy. In Pima Indians (42), sib-pair analyses of genes associated with retinopathy and nephropathy identified different loci on chromosomes that could affect susceptibility to these complications, and results from studies on clustering of microalbuminuria indicate that microalbuminuria might be an inherited trait in nondiabetic family members of patients with type 2 diabetes (43, 44) . These results suggest that genetic factors could play a role in the pathogenesis of the features known as complications of type 2 diabetes, and they also suggest that these features can be present without diabetes.
In parallel to our findings concerning autonomic neuropathy, we suggest that subclinical autonomic neuropathy may be part of a genetic syndrome that includes augmented risk for developing cardiovascular disease (CVD), type 2 diabetes, symptomatic autonomic neuropathy, hypertension, and possibly premature death. Whether such development takes place could depend on exogenous factors, such as nutrition, smoking, and physical activity. The escalating incidence of type 2 diabetes and CVD seen in the footsteps of the Westernized lifestyle is compatible with these considerations, and a recent study on twins suggests that nongenetic factors might play a predominant role in controlling whether a genetically predisposed individual progresses to overt type 2 diabetes (45). Hyperglycemia may aggravate CVD, but CVD may be considered more as a concomitant disease than a secondary compli- cation of type 2 diabetes. The same could be the case with subclinical autonomic neuropathy. The findings of cardiac autonomic neuropathy in nondiabetic offspring of type 2 diabetic subjects could be attributed to the overlapping of genetic determinants for type 2 diabetes and autonomic neuropathy as hypothesized, but the possibility that these findings could be due to nongenetic factors should also be considered.
There are limitations in our study concerning the detection of cardiac autonomic neuropathy. In this study of 528 subjects, we used three cardiovascular reflex tests according to the procedures described by Ewing et al. (30) and combined them to a dichotomous variable (autonomic neuropathy: yes/no) using the cutoff values indicated by Ewing et al. (30) . Normal values were not adjusted for age as proposed by other authors (46 -48) . In this nondiabetic population, we chose to use the cutoff points defined by Ewing et al. (30) , who provided both borderline and abnormal values. This could give rise to misclassification of autonomic neuropathy because of low sensitivity in young subjects and low specificity in older subjects. In our study, there were no significant differences in age between the subjects with autonomic neuropathy and those without autonomic neuropathy. Despite these limitations, the group of subjects diagnosed as having cardiac autonomic neuropathy had higher levels of UAER, serum insulin, and blood pressure and reduced diurnal variation, as previously found in type 2 diabetic patients with autonomic neuropathy (13-15,17,49 -51) . The present study cannot provide information about causality or the temporal relationship among autonomic neuropathy, UAER, and changes in 24-h blood pressure, but this is the first epidemiological study to show increased prevalence of autonomic neuropathy and an association among autonomic neuropathy, UAER, and 24-h blood pressure in a group of nondiabetic offspring of parents with type 2 diabetes.
In conclusion, we have shown that nondiabetic subjects with parental type 2 diabetes have increased prevalence of cardiac autonomic neuropathy compared with nondiabetic subjects without parental type 2 diabetes. We found that in three cardiovascular reflex tests assessing heart rate variation, nondiabetic subjects with parental type 2 diabetes had significantly lower mean values than nondiabetic subjects without parental diabetes. The subjects with autonomic neuropathy had a significantly higher fasting insulin concentration, UAER, and 24-h AMBP and a reduced diurnal blood pressure variation as seen in type 2 diabetes. This cross-sectional study shows that autonomic dysfunction is a feature related to parental type 2 diabetes. The results indicate that early autonomic neuropathy may be present without the influence of long-term hyperglycemia, and we suggest that autonomic neuropathy may be part of a genetic syndrome rather than a secondary complication of diabetes. In future studies on family members of type 2 diabetic subjects, we will presumably gain important knowledge by following the trait of autonomic neuropathy as well as the diabetes trait itself.
